The presence of conspecifics is a social cue frequently used by songbirds in breeding-site selection. In migratory species, conspecific attraction is not possible for individuals that arrive first to breeding grounds, but these individuals may use information from ecologically similar heterospecifics. Resident tits (Paridae) are known to provide cues for migratory songbirds, however, the relevance of resident settlement decisions decreases as the season progresses. We investigated heterospecific attraction within migrant songbirds, and examined whether later arriving species use the presence of earlier arriving species as a cue for breeding habitat selection. We used a song playback experiment to test if wood warbler Phylloscopus sibilatrix settlement decisions are affected by chiffchaff Phylloscopus collybita and blackcap Sylvia atricapilla cues. Our results suggest that wood warblers used cues from heterospecifics when deciding where to breed. Wood warblers settled earlier and more numerously on plots with simulated presence of chiffchaffs, in contrast blackcap presence had a negative effect on settlement, suggesting heterospecific avoidance. Chiffchaffs and blackcaps were attracted to sites with simulated presence of conspecifics, which provides evidence for conspecific attraction in breeding-site selection of these species. Our experiment suggests that heterospecific attraction is not a phenomenon limited to resident-migrant interactions, but acts also between migrant species. Our results show an interplay of attraction and avoidance when using social cues for habitat selection decisions within a migrant songbird guild, and stress the importance of both positive and negative effects of social environment on settlement behaviour of individuals.
INTRODUCTION
Animals live in environments that are heterogeneous in abiotic, biotic, and social characteristics at various spatial and temporal scales. The key feature of adaptive settlement behaviour in a heterogeneous environment is gathering and using information about ambient conditions, as it allows individuals to asses a range of available options and choose one with expected highest fitness outcome. Environmental information may be extracted from observations of, or interactions with, other individuals (so-called social information; Wagner and Danchin 2010) . Social information use is widespread among animal taxa, and individuals use it in many important, fitness-related decisions (Danchin et al. 2004; Dall et al. 2005; ). Nevertheless, our understanding of the information sources, i.e. individuals that are used by others for decision-making, in different systems is still limited.
The presence of conspecifics in a given habitat is a social cue frequently used by animals for decision-making. In reptiles, amphibians, birds, and mammals, prospecting individuals use conspecific location cues to guide their own settlement decisions (e.g. Stamps 1988; Ahlering et al. 2010; Buxton et al. 2015) . Similarly, insects rely on the presence of conspecifics for oviposition site selection (e.g. Miller et al. 2013; Raitanen et al. 2014) . When using conspecific location cues, individuals bias their own settlement decisions towards sites already occupied by others (so-called conspecific attraction). Such a habitat selection strategy is likely less costly than direct habitat sampling and is used by many migratory songbird species (reviewed in Ahlering et al. 2010; Szymkowiak 2013) . Breeding-site selection decisions of songbirds therefore provide a useful system to investigate social information use due to the discrete measurable outcomes of resulting decisions. Although conspecific attraction appears to be common in animals, its existence in a population is conditioned by other decision-making strategies.
In migrant animals, conspecific location cues are not available for individuals that arrive first to breeding grounds. These individuals decide where to settle based on other source(s) of information, after which their presence may serve as a social cue for others. Therefore, reliance on conspecific location cues is possible only when some individuals within a population use different sources of information for settlement decisions, which then can trigger social attraction to sites they occupy. This conclusion is supported by the results of game-theoretic models that suggest conspecific attraction always coexists within a population with another decision-making strategy (Beauchamp et al. 1997; Doligez et al. 2003) . Nevertheless, it is poorly known whether and how reliance on conspecific location cues is complemented with other sources of information in natural conditions.
Heterospecifics with a similar niche may provide valuable information about habitat suitability to settling individuals. Coexisting species often share similar ecological requirements and enemies, thus facilitating decision-making and resulting in heterospecific attraction (Mönkkönen et al. 1990 (Mönkkönen et al. , 1997 (Mönkkönen et al. , 1999 Forsman et al. 1998 Forsman et al. , 2008 Forsman et al. , 2009 Thomson et al. 2003) . Intuitively, the larger the overlap in niches between species, the more relevant and accurate the information they may provide for each other. This contrasts with traditional ideas that interspecific interactions between cooccurring species with overlapping ecological niches should be negative and result in avoidance (Hildén 1965; MacArthur and Levins 1967; Schoener 1974; Cody 1985) . Heterospecifics may even be preferred over conspecifics as a source of social information, due to lower costs of competition resulting from attraction to sites occupied by individuals that are slightly different ecologically ). Thus, heterospecific attraction is a breeding-site selection strategy that potentially complements conspecifics attraction, but wild examples are currently limited to a specific system and the generality of this strategy remains unknown.
To date, heterospecific attraction in songbirds has been considered mainly between resident and migrant species (c.f. Mönkkönen and Forsman 2002; Szymkowiak, 2013) . Residents are present at breeding grounds year-round and are less time-constrained in direct habitat quality assessment than migrants. Their presence or density at a site may reflect habitat quality through direct (choices) or indirect (habitat-dependent mortality) processes, and serve as a cue for time-limited migrants. Migrant songbirds that overlap ecologically with resident tits (Paridae) in boreal forest bird communities use their presence and density to guide their settlement decisions, are attracted to them (Forsman et al. 1998 (Forsman et al. , 2008 (Forsman et al. , 2009 Mönkkönen et al. 1990 Mönkkönen et al. , 1997 Mönkkönen et al. , 1999 Thomson et al. 2003) , and gain fitness benefits from this strategy . However, heterospecific attraction likely involves interactions between migrant species as well, but this remains largely unexplored.
The value of information is likely influenced by the temporal distance between the occurrence of an observed event and the time when this information is used in decision-making . Recently, Thomson et al. (2013) provided support for this prediction, demonstrating that pied flycatcher Ficedula hypoleuca prospecting visits to neighbouring conspecific nests peaked after a high information value event. With the value of information generally decreasing with time, this temporal scale may also affect mechanisms of heterospecific attraction. Migrants arriving to breeding grounds are faced with a multi-species community comprising both residents and earlier-settled migrants. For later arriving species, settlement decisions of already settled migrant individuals are more recent than decisions of residents, and should provide more up-to-date information about good quality sites (c.f. . Moreover, in some cases niche similarity may be higher between 2 migrant species than between a migrant and resident species. Therefore, heterospecific attraction may occur within the migrant songbird guild, with the presence of early arriving species being cues for later arriving species.
We experimentally tested whether a heterospecific attraction strategy may complement conspecific location cues in songbird habitat selection, and whether this process occurs between migrant species. We tested whether wood warblers Phylloscopus sibilatrix, a species that uses a conspecific attraction strategy (Szymkowiak et al. 2016; Grendelmeier et al. 2017) , also uses heterospecific location cues from migrant chiffchaffs Phylloscopus collybita and blackcaps Sylvia atricapilla to guide their own settlement decisions. Opportunities for interspecific social information exist in this system. These species are small, forest-dwelling, passerines that overlap in aspects of habitat preference (Cody 1978) , feeding ecology (Cramp et al. 1992) , and predators (Götmark and Post 1996; Schaefer 2004; Grendelmeier et al. 2015) .
Wood warblers, chiffchaffs, and blackcaps differ in timing of spring arrival. Wood warblers and blackcaps are long-distance migrants with overlapping arrival to breeding grounds in Poland in mid-April (Wesołowski and Maziarz 2009; Wesołowski 2011) . At this time, short-distance migratory chiffchaffs are already settled (from late March, Tryjanowski et al. 2005) . We predicted that the presence of chiffchaffs that arrived in advance of wood warblers but made more recent decisions than resident tits may provide valuable social information for wood warblers. If true, this will result in wood warblers settling earlier and more numerously on sites with the presence of chiffchaffs. In contrast, due to overlap in arrival dates, blackcaps are not likely to be used as social cues.
METHODS

Study site
The study was conducted in 2015 in the Wielkopolska National Park (WNP), western Poland (52°16'N, 16°47'E). The WNP covers an area of 75.84 km 2 dominated by forests (ca. 61%) and farmland with a mosaic of fields, meadows, and wasteland (ca. 30%). Woodland consists mainly of mixed-forests with Scots pine Pinus sylvestris, pedunculate oak Quercus robur and sessile oak Q. petraea. All study species are common in the WNP. Wood warblers are predominantly found in deciduous (oak-hornbeam, acidophilous, and thermophilous oak) and oak-pine mixed forests, with closed canopy cover, intermediate cover of herb layer, and several trees branched in the lower stem area or shrubs, serving as song-posts (Szymkowiak unpublished data). In such forest stands, wood warblers may cooccur with chiffchaffs and blackcaps, especially when habitat structure is more diverse and contains also patches with well-developed understory and small gaps free of trees and bushes.
Experimental design
We used a song playback experiment to test the role of heterospecific social cues on wood warbler settlement decisions. We established fifteen 9 ha (300 × 300 m) study plots in areas occupied by wood warblers at densities well within the range of typical wood warbler density in preferred forest habitats (c.f. Wesołowski et al. 2010) . We established plots within habitats optimal to wood warblers to reduce any confounding effect of vegetation quality on wood warbler response to experimental treatment. The median nearest-neighbour distance between plot centres was 630.4 m (range = 590.1-718.8 m).
The experiment consisted of 3 treatments, 1) plots with chiffchaff songs broadcasted (Chiffchaff-treatment, n = 5 plots), 2) plots with blackcap songs broadcasted (Blackcap-treatment, n = 5 plots), and 3) control plots with no sound manipulation (n = 5 plots). As in other studies using playback-attraction methods to investigate habitat selection in songbirds (e.g. Fletcher 2007; Betts et al. 2008; Farrell et al. 2012) , control playbacks were not used because birds can be influenced by heterospecific and anthropogenic sounds (e.g. Brumm and Slabbekoorn 2005; ). We randomly assigned one treatment to each study plot.
We placed one broadcast system at the centre of each treatment plot to simulate the presence of territorial chiffchaffs or blackcaps. Broadcast systems consisted of one tablet PC (GoClever Orion 70, Android 4.2. software), 2 Trust Remo 2.0 stereo speakers (frequency range 50-15000 Hz) with built-in amplifier, and 2 portable USB power banks (GP GL301, 10400 mAh capacity). The PC tablet and power banks were placed in a plastic box and buried 5-10 cm in the ground. Speakers were mounted on trees 2.5-3 m above the ground, 30 m apart, and pointed in opposite directions selected at random. We did not deploy broadcast systems on control plots, assuming that the presence of 2 small (17.5 × 8 × 7.5 cm) loudspeakers camouflaged on a tree trunk and thin, transparent-green wire is unlikely to influence birds settlement behaviour.
Playbacks were prepared as 2-channel stereo files (mp3, bit rate = 320 kbps, sampling rate = 44.1 kHz) and broadcasted typical songs of either a chiffchaff or blackcap male. Songs in Chiffchaffand Blackcap-treatment were separated by 6-8 and 3-4 s of silence, respectively, which approximated the song rate of naturally singing individuals (c.f. Jaška et al. 2015; Leedale et al. 2015) . To avoid pseudoreplication, we prepared 10 unique playback stimuli (one per broadcast system), each based on a sample of 8-10 high quality song recordings obtained from a unique individual. Chiffchaff and blackcap songs used to prepare playbacks were recorded in the Wielkopolska National Park in 2013-2014. All males were recorded during spontaneous singing, using Tascam DR-100MKII recorders and Sennheiser ME67 shotgun microphones with K6 power modules (sampling rate: 44.1 kHz, resolution: 16 bit). Sample songs were filtered to remove background noise using Fast Fourier Transform filter with 1.5 and 10.5 kHz thresholds (high and low pass, respectively), and song amplitude was standardized to peak at 85 dB at 1 m from the loudspeaker; playbacks were clearly audible 100 m away. Playback preparation was performed in Adobe Audition CS6 software.
We broadcasted songs daily from 28 March to 10 May. This time corresponds to spring arrival, settlement, and territory establishment period of chiffchaffs, blackcaps, and wood warblers. On each treatment plot we simulated the presence of a single male. Playbacks began half an hour after sunrise and were broadcast continuously throughout the day, until an hour and a half before sunset. Within a single broadcast system, the song broadcasting was alternated between the 2 speakers every 5-8 min. This allowed simulation of apparent movements of an individual between 2 song posts, thus ensuring realistic simulation of natural singing behaviour of both chiffchaff and blackcap males, as well as limited habituation to playbacks.
We censused wood warblers, blackcaps, and chiffchaffs on 11-12 field visits made between 9 April and 2 July on each study plot using the territory mapping method (IBCC 1969) . We also censused breeding tits (great tit Parus major, blue tit Cyanistes caeruleus, marsh tit Poecile palustris and coal tit Periparus ater). Each survey started in morning hours, usually between 06:00 and 07:00 AM, only in good weather; all surveys were conducted by one person (JSZ). The observer walked along parallel transects situated 100 m apart, and marked the exact locations of territorial individuals with ca. 8 m accuracy using handheld GPS device (Garmin Oregon 450). As a rule, a single survey on each study plot lasted ca. 60 min. We classified a territory as occupied when: 1) a singing male was recorded at least 3 times in the same location; 2) a pair was observed at least twice on subsequent visits; 3) a nest was found. In addition, wood warblers were censused on all study plots in the pre-treatment year (2014), using the same field methods, for the purpose of a different study (Szymkowiak et al. 2016) .
In addition to bird mapping censuses, we estimated the timing of arrival of first male wood warblers on each study plot. Arrival dates of the first males were estimated using point surveys made daily (with few exceptions due to adverse weather) on each study plot. Surveys started from 28 March and ended when a first male appeared on a particular plot. Birds were surveyed from 5 points, with one point located at the plot centre and the other points located 100 m away from the centre point, towards plot corners. For each point, birds were surveyed for 5 min, and after detecting a singing male, its exact location was marked using handheld GPS device (Garmin Oregon 450). Wood warbler males sing conspicuously after arrival and their songs are clearly audible from a distance of 100 m, thus this sampling effort was considered adequate to detect first male arrivals. We also calculated approximate arrival dates of consecutive males which settled on study plots. Arrival dates were calculated as the midpoint between the last census visit when a given territory was unoccupied and the first census visit when a male was found to occupy a territory. Similarly, we estimated dates of first appearance for floaters i.e., males documented singing in a certain location only temporarily (during 1 or 2 field visits). Moreover, for floaters, we calculated also departure dates, as the midpoint between the last census visit when a given male was observed and the first census visit when it was absent.
Statistical analysis
We firstly compared the abundance of chiffchaffs, blackcaps, and tits among treatments. We used a generalized linear model (GLM) with quasipoisson distribution (to address slight underdispersion) and the log link function. The response was the number of territories of a particular species (or species group-tits), and the predictors were treatment, species, and their interaction. Then, for each species, we compared contrasts between the abundance on different treatment plots, using the R package "multcomp" (Bretz et al. 2010) .
We used GLM with zero-truncated Poisson distribution and the log link function to compare the pre-treatment year wood warbler abundance among treatments. The response was the number of wood warbler territories in the pre-treatment year and experimental treatment as a fixed effect.
We used GLM with zero-truncated Poisson distribution and the log link function to test for the differences in abundance of wood warblers among experimental treatments. When comparing dates of arrival of first wood warbler males, the GLM with Gaussian distribution and identity link function was used. The full models included either the number of wood warbler territories or a date (expressed as April-days = days since 1st April) when a first male appeared at a particular plot as a response and experimental treatment as a fixed effect. In both cases, we included also the number of tit territories and abundance of wood warblers at a particular plot in the preceding year as covariates, to control for their potential effect on wood warbler response. The abundance of chiffchaffs and blackcaps were not included as covariates, because they differed between plots in line with treatments (see Results), thus would be redundant. Based on the full models we performed model selection procedure (see below for details). Then, we ran a Markov chain Monte Carlo to refit the best model, assess variability of estimated parameters, and calculate their credible intervals.
We used Cox proportional hazards (CPH) models (Cox 1972 ) to investigate the effect of playback treatment on temporal patterns of settlement of wood warbler males on study plots. The CPH models describe the probability per time unit that an event occurs, as a function of a basic probability (the baseline hazard) and a set of explanatory variables (Kleinbaum 2005) . Using a partial maximum likelihood method allows to estimate regression coefficients for different variables without making any assumptions about the distribution of the baseline hazard function. The response variable was the time interval to settlement (expressed as April-days), with the 1st April as starting date and the approximate date of settlement of a particular male as ending time. The full CPH model included the experimental treatment as a fixed effect and the number of tit territories at a particular plot as covariate. We included also the number of conspecific males present at a particular plot (pooled number of settlers and floaters) at time of settlement of a focal male as a time-dependent covariate. This was because conspecifics serve as intraspecific social cues for prospecting wood warbler males, thus affect settlement decisions (Szymkowiak et al. 2016 ). Furthermore, because in this model the sampling unit was a territorial male (n = 57), we included plot ID as a cluster term to control for correlated groups of observations and allow robust variance estimation. Based on the full CPH model, model selection procedure was performed (see below for details).
We used an information-theoretic approach to select the bestfitted models (Burnham and Anderson 2002) . Based on full models we generated candidate model sets from all combinations of covariates, though always retaining the treatment as a fixed effect, and plot ID as a cluster term in case of the CPH model. Models within a given set were compared based on Akaike information criterion adjusted for small sample sizes, AIC c , and the model having the lowest AIC c within the candidate set was considered the best. The value of ΔAIC c ≤ 2 was assumed as a threshold indicating models with substantial support to explain the dependent variable (Burnham and Anderson 2002) . Statistical analysis was performed in R version 3.2.2.
RESULTS
Chiffchaff, blackcap, and tit abundance among treatments
The abundance of chiffchaffs and blackcaps differed among treatments (Figure 1 ). Chiffchaffs were significantly more abundant on Chiffchaff-treatment plots (mean no. of territories = 2.4, 95%CI: 1.58-3.65, n = 5 plots), relative to controls (mean = 0.6, 95%CI: 0.26-1.39, post hoc test: z = 2.96, P = 0.025, n = 5 plots) and Blackcap-treatment plots (mean = 0.4, 95%CI: 0.14-1.12, z = 3.23, P = 0.01, n = 5 plots). Chiffchaff abundance on Blackcap-treatment and control plots did not differ (z = −0.61, P = 0.993, n = 5 plots for each treatment). Blackcaps were most numerous on Blackcap-treatment plots (mean = 3.2, 95%CI: 2.23-4.60, n = 5 plots), which differed significantly from control (mean = 0.2, 95%CI: 0.05-0.85, z = 3.70, P = 0.002, n = 5 plots) and Chiffchaff-treatment plots (mean = 0.4, 95%CI: 0.14-1.12, z = 3.82, P = 0.001, n = 5 plots). Blackcap abundance on Chiffchaff-treatment and control plots did not differ (z = 0.78, P = 0.976, n = 5 plots for each treatment). The abundance of tits on Chiffchaff-treatment (mean = 4.0, 95%CI: 2.89-5.56, n = 5 plots), Blackcap-treatment (mean = 4.4, 95%CI: 3.23-6.00, n = 5 plots), and control plots (mean = 4.6, 95%CI: 3.40-6.23, n = 5 plots) did not differ (all P ≥ 0.992).
Response of wood warblers to simulated heterospecific cues
In the pre-treatment year, wood warbler abundance on Chiffchafftreatment (mean no. of territories = 4.76, 95%CI: 3.06-6.94, z = 1.66, P = 0.096, n = 5 plots) and Blackcap-treatment (mean = 4.55, 95%CI: 2.99-7.05, z = 1.53, P = 0.127, n = 5 plots) plots did not differ, relative to control plots (mean = 2.59, 95%CI: 1.38-4.44, n = 5 plots). Mean number (± 95% confidence intervals) of chiffchaffs, blackcaps, and tits on treatment plots (n = 5 plots per treatment).
The response of wood warblers to playback treatment was most supported by the treatment-only model and next-ranked models had little empirical support (Supplementary Table S1 ). When analysing the top model, we found a positive effect of Chiffchafftreatment on wood warbler abundance (mean no. of territories = 6.79, 95%CI: 4.89-9.65, z = 3.05, P = 0.002, n = 5 plots), while there was no evidence for a numerical response of wood warblers to Blackcap-treatment (mean = 1.86, 95%CI: 0.77-3.50, z = −0.25, P = 0.801, n = 5 plots), relative to control (mean = 2.11, 95%CI: 0.93-3.60, n = 5 plots; Figure 2) .
Timing of arrival of first wood warbler males to study plots was also best explained by the treatment-only model, with nextranked models being less supported (Supplementary Table S2 ). Although all study plots were occupied by at least one wood warbler (Supplementary Figure S1) , the analysis of the top model revealed that the first wood warbler males appeared earlier on Chiffchaff-treatment (mean arrival date of first male = 17 April, 95%CI: 14.29-19.67, z = −2.81, P = 0.005, n = 5 plots) and later on Blackcap-treatment plots (mean = 25.2 April, 95%CI: 22.41-27.77, z = 2.43, P = 0.015, n = 5 plots), relative to control (mean = 21.4 April, 95%CI: 18.56-24.08, n = 5 plots; Figure 3 ).
Temporal patterns of settlement of wood warbler males were most supported by 2 models (Supplementary Table S3 , see also Supplementary Figure S2) . Based on the highest ranked model, we found that wood warbler males settled sooner on Chiffchafftreatment plots, and later on Blackcap-treatment plots, relative to controls (Table 1A, Figure 4) . Moreover, the number of conspecific males had a negative effect on the probability of settlement (Table 1A, Figure 5 ). The-second best model included qualitatively the same effects as the top model, but contained also an additional weak effect of tit abundance (Table 1B) .
DISCUSSION
Our results suggest that wood warblers use social cues from migrant heterospecifics in breeding-site selection decisions. Wood warblers settled earlier and more numerously on plots with simulated presence of chiffchaffs, but not on control or simulated blackcap plots. Moreover, we found apparent negative effects of simulated blackcap cues on timing of wood warblers settlement. This suggests interplay of attraction and avoidance when using social cues in habitat selection decisions within the migrant songbird guild.
We found that wood warblers appear to use the presence of chiffchaffs when deciding where to settle. It is also known that wood warblers follow a conspecific attraction strategy for selecting breeding habitats (Szymkowiak et al. 2016; Grendelmeier et al. 2017) . Together these results support the prediction of game-theoretic models that conspecific attraction always coexists within a population with some other decision-making strategy (Beauchamp et al. 1997; Doligez et al. 2003) . Interestingly, we also found that chiffchaffs and blackcaps were attracted to sites with simulated presence of conspecifics, which suggests the conspecific attraction strategy in breeding-site selection decisions of both species. Foliage-gleaning migrants were previously shown to use resident tits as social cues to guide settlement decisions (e.g. Mönkkönen et al. 1990; Thomson et al. 2003; Forsman et al. 2009 ). Thus, con-and heterospecific attraction as strategies for habitat selection likely coexist within populations of these species too. We suggest that the coexistence of intra-and interspecific attraction likely results because the latter strategy complements using conspecific cues in the wild.
In the absence of conspecific cues, early arriving individuals may use the information from heterospecifics that are already settled. These can be residents present at breeding grounds year-round (e.g. Mönkkönen et al. 1990; Thomson et al. 2003; Forsman et al. 2009 ), but also appears to be other migrant species that arrived earlier (see below). Then, as information from conspecifics becomes available, individuals of these late arriving species may rely more on social cues from settled conspecifics. Such a mechanism seems contradictory to earlier findings on pied, and collared flycatchers Ficedula albicollis suggesting that conspecific social information use for nest-site selection is constant, but heterospecific copying increases throughout the season Jaakkonen et al. 2013 ). This apparent discrepancy may result because later arriving individuals perceive heterospecific and conspecific cues in parallel (Jaakkonen et al. 2015) . However, when faced with contrasting cues, flycatchers used interspecific social information from tits at the beginning of the breeding season, when there were no or few conspecifics present. Later in the season, when conspecific demonstrators became numerous, flycatchers changed the preferred source of information and relied on social cues provided by conspecifics (Jaakkonen et al. 2015) . Social learning strategies also predict that an increasing number of demonstrators increases the likelihood of adopting their behaviour (so-called copythe-majority strategy), for which there are empirical evidence from various taxa (Laland 2004) . Thus, using information from heterospecifics with similar niche is a plausible mechanism that complements a conspecific attraction strategy. Such mixed social information use may be common in birds and other animals known to follow social attraction in various decision-making processes e.g. oviposition, roosting, or foraging site selection.
Our results suggest that heterospecific attraction also acts between migrants, and is not a phenomenon limited to resident-migrant interactions. Attraction between 2 migrants has previously only been suggested for American redstarts Setophaga ruticilla being cued on by least flycatchers Empidonax minimus (Fletcher 2007) . We suggest that heterospecific attraction as a decision-making strategy for selecting breeding habitats may operate under broader contexts than originally suggested, and involve also an information flow from early-arriving migrants to late-arriving species.
We suggest that heterospecific attraction involving interactions between migrant species with shifted arrival phenology may be a common, largely overlooked, phenomenon. The value of information of an observed event depends on the temporal distance between the occurrence the event and time when this information is used for decision-making . Habitat choices of early-arriving migrants are, from the perspective of later arriving species, more up to date than those of residents. Thus, early arriving migrants may provide a valuable information about good quality sites for birds that arrive later, as e.g. in chiffchaffswood warblers system. The value of information is also affected by the ecological distance between the information provider and user . Ecological overlap may also be higher between 2 migrants than between a migrant and resident. Therefore, cueing on an ecologically similar migrant species will be more beneficial in terms of habitat suitability at a particular site. Figure 4 Temporal patterns of settlement of wood warbler males on Chiffchaff-treatment (dashed line, n = 34 males), control (solid line, n = 12 males), and Blackcap-treatment (dotted line, n = 11 males) plots, estimated based on top-ranked Cox proportional hazards model. We found that the presence of blackcaps had a negative effect on the timing of settlement of wood warblers, which suggests heterospecific avoidance. The lack of differences in wood warbler abundance between plots with blackcap cues and controls suggests that the presence of blackcaps may affect wood warblers abundance only to a small extent, or does not at all, but instead negatively affecting timing of selecting breeding sites by wood warblers. The ultimate reason for wood warblers avoiding blackcaps when selecting habitats remains unknown, but competitive interactions seem a plausible explanation. The species overlap in diet and foraging techniques (Cramp et al. 1992) , and blackcaps are known to be involved in interspecific territoriality with other songbirds (Cody 1978) . Blackcaps are also larger than wood warblers and thus may be a superior competitor, either through exploitative or interference competition, in this study system, but this remains open for further studies.
Conspecific abundance also had a negative effect on the probability of settlement of wood warblers. It seems intuitive that the likelihood of settlement of new recruits decreases with the increase of local population density due to e.g. habitat saturation. Nevertheless, the negative density-dependent habitat selection is contradictory with conspecific attraction mechanism, for which a unimodal shape of the relationship between the density and strength of attraction is predicted (c.f. Mönkkönen et al. 1999; Fletcher 2006) . However, intraspecific social information use in wood warblers is a complex phenomenon that can be both positively and negatively biased. Wood warblers use intraspecific social cues selectively, by copying settlement decision of poor quality conspecifics and avoiding settling near good quality individuals (Szymkowiak et al. 2016) . Thus, the characteristic of conspecific demonstrators (not controlled in this study) could be the reason for the observed decision-making pattern.
In a broad context, our results stress the importance of both positive and negative effects of social environment on settlement behaviour of individuals. Traditionally, interactions between coexisting species with overlapping niches have been considered to be negative, leading to spatial segregation (Hildén 1965; MacArthur and Levins 1967; Schoener, 1974; Cody 1985) . In contrast, interspecific social information use implies a wider set of possible net effects of species interactions, as it may both increase and decrease niche overlap between putative competitors, thereby leading to ecological con-and divergence (e.g. Loukola et al. 2013; Forsman et al. 2014) . Consequently, social information use appears to be an important mechanism driving species coexistence, with potentially crucial consequences for population and community structure and dynamics.
Differences in habitat preference and arrival phenology of a focal species may affect patterns of social information use in this study system. Moreover, relying solely on the presence of others may lead to maladaptive decisions (Doligez et al. 2003; Betts et al. 2008 ) and our experience with wood warblers allow us to conclude that its occurrence is not mandatorily linked with the presence of chiffchaffs. It is therefore likely that con-and heterospecific attraction coexist within wood warbler populations with other decisionmaking strategies that utilize the information more tightly linked to habitat quality or fitness than mere presence of individuals (c.f. Doligez et al. 2003) . Future studies should also consider what processes determine the proportion of information providers and users within a population. Social attraction is analogous to producerscrounger games in which some individuals use ("scrounge") the information inadvertently produced by other, already settled individuals (Doligez et al. 2003) . Game-theory models developed in context of social foraging may provide a useful benchmark here, and we might speculate that the proportion of both strategies will be regulated through frequency-dependence (Giraldeau and Caraco 2000; Doligez et al. 2003) .
In conclusion, our study revealed that wood warblers use social cues from migrant heterospecifics when making settlement decisions. This provides evidence that presence of other migrant species, in addition to resident tit species, may complement conspecific cues. Moreover, negative effects of heterospecific cues on wood warblers settlement behaviour suggest that interspecific social information use in songbirds involves interplay of attraction and avoidance mechanisms.
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